PTO 2005-6030 

Japanese Kokai Patent Publication No. S60-1 16776, published June 24, 1985; 

Application No. S58-2227264, filed November 30, 1983; Inventors: Shin'ichi INOUE, 
Akira TABUCHI, Mamoru NAEDA, Mikio TAKAGI 

Assignee: Fujitsu K.K. 



CVD Apparatus 



1. Title of Invention: CVD Apparatus 

2. Claims 

A CVD apparatus characterized in that high purity source metal is provided in the CVD 
apparatus source gas feed part, and a reaction gas feed tube that supplies reaction gas that 
reacts with the source metal turning it into gas, is oriented towards said source metal feed 
part; and furthermore it has a high frequency plasma means or a thermal reaction means 
to initiate the reaction between the said source metal in said source metal providing part 
and said reaction gas, generating the metal source gas. 

3 . Detailed Explanation of Invention 

Field of Technology 

This invention pertains to a metal CVD apparatus; in particular, it pertains to the 
technology of providing a high purity, safe metal source gas. 

Prior Art 

In the metal CVD apparatuses of Prior Art, metal chloride, metal fluoride, etc. are 
used as the metal source gases and since these generally posses corrosivity, it was hard to 
feed them as source gases maintaining a state of high purity. In particular, M0O2, WCI2, 
TaCb etc. are solids at normal temperatures, and they are used as sources when the 
temperature is raised to about 100-200°C to turn them into gas, however, the drawback of 
this is the unstable amount of gas fed due to sublimation. 

Purpose of Invention 

The purpose of this invention is to resolve this problem of Prior Art and offer a 
CVD apparatus that would supply the corrosive metal source gases to the reactor in a 
state of high purity while constantly feeding a stable amount. 

Constitution and Effect of Invention 

This invention is a CVD apparatus where high purity metals, e.g., Mo, W, Ta, Ti, 
etc. are provided in a source feeding part, reaction gas is fed thereto and, due to a high 
frequency plasma means or thermal reaction means, a reaction with a high purity metal is 
induced, yielding a high purity metal source reaction gas that is fed to the reactor. Since 
a reaction is started on the entire inside of the CVD apparatus, it is possible to feed the 



metal source gas in a state of high purity. Below, we will explain this invention in detail 
based on the following Practical Examples. 

Practical Examples of Invention 

[Practical Example 1] 

In Fig. 1, 1 is a tube made of quartz etc. 8 is the CVD apparatus source feed part, 
9 is the CVD apparatus reactor, and in this example we deal with the common vacuum 
CVD. However, the reactor in this invention is suitable for every type of reactors in Prior 
Art. For example, suitable film depositing methods include, in addition to thermal 
reaction, depositing by plasma or the reactor configuration can be modified into a parallel 
plate type, etc. In Fig. 1, the wafers 3 are arranged on a multi-stage board and the reactor 
is heated to the growth temperature by the heater 2. The interior of the reactor 9 is 
brought to vacuum by means of the exhaust tube 10. High purity source metal 4 is 
provided in the source gas part 8 of the CVD apparatus, and the reaction gas is fed to said 
part by the feed tube 7. 5 is the high frequency plasma means to initiate the reaction 
between the source metal 4 and the reaction gas a. From the gas b feed tube 6 in part 2 
N2, Ar, H2, etc. are fed when the pure metal is grown, when metal silicide is grown, SiH4 
is fed. 

Below, we will show a specific example of CVD. 

(Growing pure metals by thermal reaction) as metal 4, W, Mo, Ti, and Ta are used; 
as the reaction gas a, fluorides for example, CF4, NF2, HF, etc., chlorides, such as HC1, 
and other gases with an etching effect are fed at, for example several dozen cc/min. By 
means of an RF 13.56 MHz, 100 W - several hundred W high frequency plasma means 5, 
for metal 4, its fluorides and chlorides are grown. Examples of resulting fluorides 
include M0F6, WF6, and examples of resulting chlorides include M0CI5, TaCls, and TiCU, 
etc. The resulting source gas a of this metal is transferred directly to the reactor 9, and 
the pure metals Mo, W, Ti, and Ta, etc. grow on the wafer 3 due to the decomposition of 
the metal source gas by the thermal reaction. The surface temperature of wafer 3 is 
350~450°C in WF 6 ^W and 600~800°C in WC1 6 -*W. The reactor pressure is 
between 0.5 and several Torr, and as gas b, N2, Ar, H2 are fed from the feed tube 6. 

(Growing silicides by thermal reaction) As metal 4, W, Mo. Ti, and Ta are used; 
similar to the above, a fluoride or chloride metal source gas is transported to the reactor. 
From the feed tube 6 as the gas b is fed SiHU, e.g. at 100% SiFU at 100 cc/min, and from 
the feed tube 7, the etching reaction gas a is fed at several dozen cc/min. RF is 13.56 
MHz, 100 W - several hundred W. The reactor conditions are similar to those in the 
previous example according to the source gas, and the silicides of Mo, W, Ti or Ta are 
formed on wafer 3 by means of thermal reaction. 

(Deposition by plasma CVD) 

In reactor 9, a CVD apparatus, such as the CVD apparatus 12 in Fig. 3 is used. Then the 
deposition takes place at a temperature of the wafer 3 that is by 100-200 lower than that 
of the deposition by thermal reaction. The RF applied to the plasma means 12 of the 
reactor is 13.56 MHz, 100 W, and the pressure inside the reactor is 1.0 Torr. The source 
feed part 8 is the same as in the previous example 2. The actual temperature of the wafer 



surface is, for example 400°C when growing Mo out of M0CI5, and also 400°C when 
growing W out of WCI5; 

[Practical Example 2] 

In the source feed part 8, the source metal itself is heated to initiate a reaction between 
the etching reaction gas a and the high purity source metal. For example, as shown in Fig. 
2, a high purity source metal ribbon 1 1 is heated by having electricity flow through it. 
The source metal used is W, Mo, Ti, Ta etc., and the etching reaction gas a is used as in 
the previous examples. The source metal and the etching reaction gas a react due to the 
source metal ribbon 1 1 heating to 1000°C or a lower temperature, becoming red hot, 
yielding M0CI5, WCI5, M0F6, WF6, etc., similar to the previous examples. The 
conditions in the reactor are similar to the previous examples and pure metals and metal 
silicides are formed on the wafer. 

Effect of Invention 

Based on this invention, as described above, the etching reaction gas and high purity 
source metal are forced to react inside the apparatus, yielding the CVD metal source gas 
and it is directly introduced into the reactor. Corrosive metal source gas can be fed at 
very high purity. The advantages of this invention also include the possibility to specify 
the kinds of metal source gas yielded by combining the etching reaction gas with the 
source metal, while the feed also can be controlled by the etching reaction gas flow rate, 
RF, and other conditions. In particular, it is possible to feed in a stable manner M0CI5, 
WC15, TaCIs, and others that were had to feed in a stable manner because of sublimation 
from solids. 

4. Brief Explanation of Figures 

Fig. 1 is an explanatory diagram of the 1 st practical example of the CVD apparatus of this 
invention; Fig. 2 is the is an explanatory diagram of the 2 nd practical example of the CVD 
apparatus of this invention; Fig. 3 is an explanatory diagram of a part of the reactor that is 
used in the CVD apparatus of this invention 

(Basic Key) 

1 - tube made of quartz, etc, 2 - heater, 3 - wafer, 4 - source metal, 5 - high frequency 
plasma (generating) means, 8 - (metal) source gas feed part, 9 - reactor. 
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